There is extensive morphological variation of male genitalia across animals with internal fertilization, even among closely related species. Most studies attempting to explain this extraordinary diversity have focused on processes that occur post-copula (e.g. sperm competition, cryptic female choice). Only a few studies have focused on the pre-copula process of female preference. In addition, the extent to which this variation could be associated with the use of different reproductive tactics has yet to be explored. Here, we show that female preference for male genitalia length in two livebearing fishes depends on the type of reproductive tactic of the males being evaluated as well as the body condition of the female. In a species where all males coax females to acquire matings (courters), females preferred males with short genitalia. In a species with genetically influenced alternative reproductive tactics (courter males that only court and produce courter sons, sneaker males that use the coercive tactic of sneak chase and produce sneaker sons), female preference depended on an interaction between male tactic and female condition: females in good condition preferred courter males with short genitalia, and sneaker males with long genitalia. Our results suggest that female preference for male traits favourable to their sons may be an important factor contributing to the diversification of male genitalia. Despite the contrasting selection for genitalia length that our female preference tests suggest, we found no significant differences in genitalia length between coaxing (courters) and coercive (sneakers) males. Our study represents a starting point to more clearly understand the role of alternative reproductive tactics and variation in female mate preference in the evolution of male genitalia.
Introduction
In species with internal fertilization, it is common to find a large amount of morphological variation in male genitalia, even between closely related species; understanding what causes this variation has been a major goal in the study of evolutionary biology [1, 2] . Different processes have been proposed to attempt to explain this extraordinary diversification of male genitalia, but most studies have largely focused on understanding how during or post-copula selection acts on the rapidly evolving shapes and sizes of genitals in nature [3] . For instance, several morphological characteristics in male genitalia have been attributed to processes of male-male competition because they serve as adaptations to sperm removal and repositioning during copulations, thus influencing the outcome of sperm competition [4] . Comparisons between the effect of pre-and postcopulatory sexual selection on male genitalia have been gaining attention in the last years [5, 6] . However, only a few studies have focused on the pre-copula process of female mate choice (i.e. female preference [2, 7] ), which will be the main focus of this study.
The hypothesis that female preference may influence the diversification of male genitalia is still largely unexplored because many species have small or retractable genitalia and generally the differences between individuals (e.g. shape, size) are very subtle, thus the likelihood of experiencing pre-copula female choice is presumed to be small. However, in recent years this hypothesis has gained more attention and empirical support [2, 3] , in part due to the use of model organisms ideal for these types of studies (i.e. animals with external genitals and good visual systems). Moreover, most studies have focused on interspecific variation of male genitalia [8] ; however, there is also considerable intraspecific variation of this trait [9, 10] , but in many cases the functional bases for such variation remains unknown. Intraspecific variation for male traits can be attributed to female preference variation over space and time, which in extreme cases may even be a mechanism maintaining alternative reproductive tactics (ARTs; [11] ). ARTs are defined as consistent and discrete variations between members of the same sex in their reproductive traits [12] . In species with ARTs, variation in the size and shape of male genitalia may be related to the different tactics [13] ; therefore, the evolution of variation of male genitalia in species with ARTs is an area that warrants further investigation.
The family Poecilidae comprises a group of viviparous fishes with internal fertilization because all males have a gonopodium (anal fin modified into a copulatory organ used to transfer sperm to females). These organisms are ideal for the study of genital evolution due to the high morphological diversity of the gonopodium across species [14] . Studies suggest that in some poeciliids females use the gonopodium to visually select their mates; in those cases, females prefer males with long gonopodia (Gambusia affinis, G. holbrooki [7, 15] and Poecilia reticulata [16] ). Long gonopodia seem to increase mating success during gonopodial thrusting as males would be able to reach the females from longer distances [13] and could have a positive effect on the fertilization success of males that use the coercive tactic of sneak chase (sneakers) [2, 15] . Females may then be selecting males that provide indirect benefits (long gonopodia) for their offspring [17] . On the other hand, preference for a specific type of gonopodia may reflect a process of sexual conflict between the sexes over the control of fertilizations, as is the case in many insect taxa [18] . Under the last scenario we would expect female mate preference for short gonopodia. Finally, it has been shown that gonopodia variation among populations may be associated with the use of different ARTs and predation risk [10, 19] . Thus, for this study we used two species of poeciliids ideal for the study of precopulatory mechanisms of male genitalia evolution, as they present variation in gonopodia length, and one has males that only coax females to mate, while the other one also has males that coerce females to mate.
The green swordtail (Xiphophorus hellerii) and the highbacked pygmy swordtail (Xiphophorus multilineatus) are two species of poeciliids that have been widely used for behavioural studies. Males in both species present a secondary sexual character that attracts females and gives this group their common name: an elongation of the ventral rays of the caudal fin forming a structure resembling a sword. To acquire fertilizations X. hellerii males exclusively use courtship tactics. In X. multilineatus four different size classes of males have been identified [20] ; males from the three largest size classes exclusively use a coaxing tactic (courtship, hence we will call them courters from now on) to acquire fertilization; while males from the smallest size class have a different morphology (are more slender than courters) and often use the coercive sneak-chase behaviour, but can use courtship when there are no larger competitors around [20] . In X. multilineatus ARTs are genetically influenced; which results in patroclinous inheritance, and thus sneaker males only sire sneaker sons while courter males only sire courter sons (males breed true; [20] ). Female preference for these ARTs varies with female body size, which in some cases (small females) results in female preference for sneaker males [11] .
Our main goal was to investigate female visual preference for gonopodium length in X. hellerii and X. multilineatus. We further explored if this female preference varied depending on male ARTs. We hypothesized that pre-copula sexual selection by female preference should act on male genital length and that this preference would depend on the ART used by males. We thus predicted that under a scenario of females choosing males based on indirect benefits, females should always choose males with long gonopodia, to improve the mating success of their sons. By contrast, under a scenario of sexual conflict, females should always prefer males with short gonopodia, to retain control over fertilizations. Given that contrasting ARTs exists in X. multilineatus (one that coax and another that coerces females to mate) we expect that females should adjust their preferences accordingly. If that is the case, we hypothesize that female preference may be pushing gonopodia length between courter and sneaker males to opposite directions (courter males with short gonopodia and sneaker males with long gonopodia), and thus we might find differences in gonopodia length between tactics that are independent of body size. To our knowledge, this study is one of the first to attempt to clarify the mechanisms that are acting on evolution of genitals in animals with different ARTs. We distinguished mature males by the presence of a well-developed sword (elongation of the ventral rays of the caudal fin) and fully developed gonopodium. Regarding body colour tone, which may be variable among males, we collected both red and black X. hellerii males, and blue and yellow X. multilineatus sneaker males, this feature was subsequently considered in statistical analysis. We also collected X. hellerii and X. multilineatus females (used in trials with conspecifics). We distinguished mature females by the presence of a gravid spot (pigmentation of the tissue surrounding the female reproductive organs). For all females (the individuals being tested) we measured standard length (SL), height (from the anterior insertion of the dorsal fin to insertion of the pelvic fins) and width (around the opercula) to determine their volume based on the formula of an ovoid ((p Â SL Â height Â width)/6). Because the opercula are bone structures, we consider the distance between them to be a more reliable estimator of the width of the fish, rather than using more posterior parts that may be wider, but more variable due to their soft tissue nature (e.g. the abdomen). We divided the female's weight by their volume to obtain their body density. We considered female body density as an estimator of their body condition. Body condition represents the measure of the energetic or nutritional state of an individual animal, especially relative size of energy reserves such as fat and protein, for the purposes of this research we assume that individuals with high body densities were in better condition than individuals with low body densities [21] . We housed the collected individuals in 60 Â 30 Â 30 cm, 54 l mixed sex aquariums and fed them three times a day ad libitum with commercial flakes (Tetra w : basic flakes).
Methods
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We used video recordings as stimuli to evaluate female preference for gonopodium length, and to avoid the possible side effects of surgical manipulation of structures in normal fish behaviour. Video playback is being increasingly used as a technique for behavioural research and it has been shown as an effective method to measure female preferences accurately [22] . We created six pairs of videos for X. hellerii and for each tactic in X. multilineatus such that each pair consisted of one video of a fish with a 30% elongated gonopodium while the other had the same fish performing the same exact movements, but with a 30% shortened gonopodium. We selected the males to use in the videos by first assessing the natural variation in gonopodium length. Using a caliper, we measured SL and gonopodium length on all collected male fish (N ¼ 51 for X. hellerii; N ¼ 40 for sneakers X. multilineatus; and N ¼ 26 for courters X. multilineatus). We then performed a linear regression of SL and gonopodium length, choosing fish that covered a range of body length (SL) and preferably had a positive residual (i.e. a gonopodium longer than expected by their body length) to serve as models for the videos (electronic supplementary material, figure S1 ). Mean SL was 47 mm for X. hellerii; 22.8 mm for sneaker and 34.1 mm for courter X. multilineatus males.
For each species and each morph of the male dimorphic species, we conducted the video recordings in a 41 Â 23 Â 15 cm aquarium with a black background (electronic supplementary material, figure S2 ). The front panel of this aquarium had the same dimensions as the monitor used to present the video to the females; therefore, the body size of the fish in the video was their natural size. The recording tank was illuminated with two 80 W white light bulbs that did not emit UV radiation (the absence of this radiation excluded signals in these wavelengths, which could affect the behaviour of the fishes in the observation tank [23] ).
We used a HD filming option in a camera Nikon TM model D510 to record 60 min of each male model interacting with a female. We then selected a sequence of about 15 s where the male moved around the aquarium displaying its gonopodium. We produced a copy of the sequence and broke down both copies into 24 frames s 21 using the software Adobe Premiere CC TM . Using Adobe Photoshop TM , we edited out the female in all photographs of each copy, and elongated the gonopodium 30% of its original length in all photographs of the first copy, while shortening the gonopodium 30% its original length in all photographs of the second copy. This variation represents how much gonopodia length vary among poeciliids with long and short gonopodia [24] . This resulted in two new versions of the 15-s video sequence. For each male model, we looped their sequences to form a 17 min video stimulus and added a 3 min opening sequence of the tank without the fish (only the background). Thus, for each type of male (X. hellerii, sneaker and courter X. multilineatus) we created six pairs of videos, within each pair one video had a fish with an elongated gonopodium while the other had the same fish performing the same exact movements, but with a shortened gonopodium.
We presented each pair of video stimulus (shortened and elongated gonopodium) to five different females (6 videos Â 5 females ¼ 30 females in total for X. hellerii, 30 for X. multilineatus sneakers and 30 for X. multilineatus courters; thus, females were used in only one trial). For every female, we simultaneously presented each video of the pair on both lateral sides of the tank using two monitors model Samsung SyncMaster B1930 (electronic supplementary material, figure S3 ). We randomized the assignment of the videos within each pair (shortened and elongated) to avoid any side effect in which the video stimuli were presented. During every presentation, the observer did not know the type of video stimulation (shortened or elongated) that was being presented on each side.
We isolated females individually for a week before preference tests. We always conducted tests between 10.00 and 17.00 GMT-6. We conducted the preference tests in a 56 Â 43 Â 30 cm tank. The tank was divided into three equal size zones (one central neutral zone and two lateral preference zones). We bounded the neutral zone (central compartment) of the experimental aquarium with two removable transparent acrylic plates (electronic supplementary material, figure S3 ) and placed individual females there at the beginning of each observation. We first allowed females to acclimate to the test tank with the monitors off for 10 min, followed by 3 min with the monitor on playing the sequence without any stimulus fish (background) and finally 2 min with the stimulus sequence. During the acclimation time females were able to see both lateral compartments of the aquarium, where video stimuli ( potential mates) were presented. After the acclimation period (15 min total) we removed the partitions to release females from the central compartment and began to observe their preferences for the remaining 15 min of the video. We measured two behaviours to assess preference: latency (from the time females were released from the central compartment, the time it took them to enter each preference zone for the first time) and the total association time that females spent on each side of test tank (electronic supplementary material, figure S3 ). To avoid side biases, at the end of each test we exchanged the video stimulus from one side to another and repeated the test (for a 30-min total observation time).
(a) Statistical analyses
We analysed the data using general (GLMM) and generalized (GzLMM) linear mixed models with the statistical software IBM SPSS v.22. For both types of models we analysed the distribution of residuals, and for the GzLMM we used a type of distribution that resulted in a normal distribution of the residuals to correctly interpret the results of the models [25] . We considered the identity of the females as a random factor, gonopodium length (elongated or shortened) and the body colour tone of the model fish that was used for the video stimulus (red or black for X. hellerii and blue or yellow for X. multilineatus sneakers) as fixed factors. We are not aware of any studies that might have tested female preferences for these different colour morphs, but include them to control (statistically) for any effect that they may have in the response variable. We also included as covariates female body condition and SL of the males used as models to produce the video stimulus. For the dependent variable 'total association time', we used GLMM and in the case of the dependent variable 'latency', we used a GzLMM with a Poisson distribution, and log link function. In the particular case of latency for X. hellerii, we first ranked (rank transformation) the variable [26] and then performed the GzLMM because that was the only way we achieved residuals with a normal distribution. The full model included all factors and double interactions, we then performed a model reduction using Akaike's information criterion corrected for small sample size (AICc) [27] to obtain the minimal models with the lowest AICc values for each dependent variable. During the model reduction process, we only subtracted parameters that were not significant and that reduced the AICc values. Here, we only report the minimal models and the significance values of all the parameters included in such minimal models. Additionally, whenever we found a significant response to gonopodium length, we further calculated the strength of preference for elongated gonopodium as the difference in total association time and/or latency between the elongated and shortened gonopodium males (strength of preference for elongated gonopodium ¼ total association time or latency for elongated gonopodium -total association time or latency for shortened gonopodium). Finally, we compared gonopodia length between tactics with an ANCOVA, using gonopodia length as dependent variable, tactic as an independent variable and SL as a covariable.
Results (a) Xiphophorus hellerii
In X. hellerii, there was no significant difference in the total association time females spent between elongated and shortened gonopodium video stimuli (main effect was not significant and excluded from the minimal model; table 1 and figure 1a) ; however, latency was significantly shorter for individuals with shortened gonopodium (table 1 and figure 1b). Female condition did not have a significant effect in this species (table 1). However, there was a significant interaction between gonopodium length and SL of the males used for the stimulus video (table 1). For the elongated stimulus, latency increased with the body length of the males; alternatively, for the shortened stimulus, latency decreased with the body length of the males (electronic supplementary material, figure 4Sa ). Finally, we also found a significant interaction between gonopodium length and the body colour tone of the males used for the video stimulus (table 1) . When the fish used for the stimulus video had a red tone, latency was similar between shortened and elongated stimuli; however, when the fish had a black tone, latency was shorter for shortened gonopodia and greater for elongated gonopodia (electronic supplementary material, figure 4Sb).
(b) Xiphophorus multilineatus courters
In X. multilineatus courters, gonopodium length had a significant effect on both response variables (table 2 and gonopodium males (figure 1c) and latency was shorter with those same males ( figure 1d ). In addition, we found a significant interaction between gonopodium length and female body condition for both response variables (table 2) . In sum, these interactions showed that females in better condition had stronger preferences for shortened gonopodia (electronic supplementary material, figure S5 ). Finally, an interaction between gonopodium length and the SL of the male used for the stimulus video significantly affected latency (table 2; electronic supplementary material, figure S6 ). Specifically, the longer the body of the males, the longer it took females to associate with the males with elongated gonopodia; however, this relationship did not hold for males with shortened gonopodia (electronic supplementary material, figure S6 ).
There was a significant effect of female condition on the strength of preference evaluated with total association time, but not with latency (table 2). Preference strength for long gonopodia decreased with female condition, up to a point where females in good condition preferred short gonopodia (figure 2a).
(c) Xiphophorus multilineatus sneakers
In X. multilineatus sneakers, gonopodium length did not affect how much time females associated with the sneaker male videos on average (table 3 and figure 1e); however, latency was decreased for videos of males with shortened gonopodia (table 3 and figure 1f ). For both response variables (total association time and latency) we found a significant interaction between gonopodium length and female condition (table 3; electronic supplementary material, figure S7 ). These interactions showed that the better the female body condition the more time they spent with males with elongated gonopodia and less time with shortened gonopodia (electronic supplementary material, figure S7a). As expected, the opposite was observed for latency, where the better the female body condition the longer it took them to associate with males with shortened gonopodia, and the shorter it took them to associate with males with elongated gonopodia (electronic supplementary material, figure S7b). Furthermore, for the response variable latency, there were significant interactions between gonopodium length with SL and the morph of the (table 3) . In terms of the first interaction, the effect of SL is greater for males with elongated gonopodia than for males with shortened gonopodia (electronic supplementary material, figure S8 ). For the second interaction, the effect of gonopodium length seems to be more important in yellow males than in blue males (electronic supplementary material, figure S9 ). Strength of preference based on latency was significantly affected by female body condition, morph of the male used for the video stimulus, the interaction between the morph of the male and its SL, and the interaction between female body condition and the SL of the male used for the video stimulus (table 3) . The better the body condition of females the stronger the preference for elongated gonopodia (the lower the latency to elongated gonopodia males, figure 2b ). In general, the yellow morph elicited a stronger preference (electronic supplementary material, figures S10 and S11).
Finally, we found that when controlling for SL, gonopodium length is no different between ARTs (ANCOVA: 
Discussion
We found that in a species where all males coax to acquire matings, females preferred males with short genitalia. In a species with genetically influenced ARTs overall preferences are also in favour of males with shortened gonopodia for both tactics. However, female preference also depended on an interaction between male tactic and female body condition. For courter males, the preference for males with shortened gonopodia increased with female condition. By contrast, for sneaker males the better the condition of females, the greater the preference for elongated gonopodia, which was contrary to their overall preference. Therefore, our study suggested that female preference for male traits favourable to their sons [28] may be an important factor contributing to the diversification of male genitalia.
Previous studies of female preference for genitalia size have shown preference for long gonopodia [2, 7] ; but, these studies have been carried out with species without discrete ARTs. Therefore, even when males might have had different behavioural mating tactics (e.g. in Gambusia the largest males court females, while the smallest generally used forced copulas; [29] ), those were not taken into account by the study. To Table 3 . rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172223 understand the basis for variation of preference for short and long gonopodia depending on ARTs, we must first explore the reason for such preferences. In X. hellerii, a species where all males coax to acquire matings, there was no effect of gonopodium length on total time spent with each male stimulus, but females took less time to associate (shorter latencies) with males with short gonopodia. Latency has been considered as a good indicator of preference [30] , thus we suggest that in this species gonopodia length may be among the first morphological characters that females use to assess male attractiveness, and thus males with short gonopodia may be inducing a first approach by females. Once females are close to males, they may assess whether or not to remain with those males based on a more careful analysis of other attributes. This first approach may increase the male's likelihood of successfully copulating with the female as they may start courtship behaviours that females could continue evaluating.
Xiphophorus multilineatus females had a clearer preference for courter males with short gonopodia, as shown by both total association time and latency. We suggest that this preference for short gonopodia shared by females exposed to courter males of both species may be related to predation risk. Because courter males in these two species are large and conspicuous, they are preferred by piscivorous fish and thus have a high predation risk [31] . In addition, long gonopodia seem to increase the drag incurred by fish performing the 'c-start' movement used to evade predators; thus reducing the probability of avoiding being captured [32] . By preferring courter males with short gonopodia, females may be minimizing their own predation risk, while selecting attributes that may be advantageous to their sons in those same terms. This selective pressure seems particularly important in X. hellerii and X. multilineatus because they cohabit with major predators such as the cichlid Torichthys ellioti and the characid Astyanax mexicanus, respectively, two species widely recognized for attacking poeciliids [31] . Female preference for short gonopodia may also be the result of an increase of female cooperation. Mating with short gonopodia males may allow females to have a better control over copulations [33] .
For X. multilineatus sneaker males, latency was lower for short gonopodia, suggesting a preference for sneakers with this characteristic. However, as it was also the case with X. multilineatus courter males, there was a significant effect of female condition on their preference. In the case of X. multilineatus courters, the better the condition of females, the greater the preference for short gonopodia, coinciding with their overall preference. In the case of X. multilineatus sneakers, the better the condition of females, the greater the preference for long gonopodia, contrary to their overall preference. This indicates that even though overall latency appears to support preference for short genitalia, once we take into consideration female condition [34] , there is an increasing preference (as evaluated by both total association time and latency) for long genitalia with increasing body condition. Because female size, condition and fertility are positively correlated in poeciliids [35] , females in poor condition may be preferring short gonopodium to reduce the risk of predation, females in poor condition may be more prone to avoid risk to increase their chances of reaching a larger size and better condition and thus their full potential reproductive success [36] . Once females have achieved a large size and consequently are older, more experienced and with better body condition, they may prefer long gonopodia to promote that their sneaker sons possess a characteristic that will increase their reproductive success given their ART. For individuals who use sneak chase to acquire matings, it may be advantageous to develop a long gonopodium because it can help them achieve fertilizations more easily [9, 37] . This study supports this assertion as apparently female preferences also favour the development of long genitalia in sneakers.
In terms of the effects that the SL of the males used for the video stimulus had on female preference, we found that large male sizes appear to elicit a preference for short gonopodia. This again may indicate a behaviour that females use to avoid being associated with conspicuous individuals that make them more likely to be detected by a predator. We could also advance a similar argument (predator avoidance) based on the effect that a male's body colour tone may elicit. Body tones that may be more contrasting against the background (red and yellow) seem to elicit a preference for short gonopodia.
In sum X. multilineatus female condition and male ART seem to determine female preference for gonopodia length, for courters the better the condition of females the greater their preference for short gonopodia; alternatively, for sneakers the better the condition of females the greater their preference for long gonopodia. These findings fit previous studies that show that preference varies with female condition [38] , while also adding the effect of the ART of the males being evaluated. This relation between female condition and preference can arise because higher quality females are better able to pay the costs of preference or gain greater benefits from discrimination [38] .
There may be many factors that contribute to individual variation in female mating preferences in poeciliids, including ecological and social environments, female condition, age, experience, both morphological and behavioural phenotypes, expression of genes and hormones. In this study, we provide evidence that female condition [38] is correlated with their preferences. Our results suggest that pre-copula sexual selection combined with female preference variation based on their condition [38] is pushing ARTs to opposing gonopodia length optima. However, we found no significant differences in genitalia length (relative to SL) between ARTs. We suggest that an optimal gonopodia length for each ART may not be achieved because of intra-locus tactical conflict (IATC; reviewed in Morris et al. [39] ). Currently, we are evaluating the possibility of IATC occurring in several sexually selected characters in X. multilineatus.
We confirmed previous studies showing that pre-copula female preference could be acting on the evolution of external male genitalia in fish [7, 9, 15, 40] ; surprisingly, in the two Xiphophorus species we studied, except for sneaker males, we found a pattern of preference contrary to those showed in the literature ( preference for long genitalia). We suggest that the most important effect that female preference may have on the length of male genitalia among poeciliids has to do with its variation. Variation of female preferences seems to provide females with the ability to facultatively adjust their preferences to produce males with gonopodia that may better fit different aspects of their environment. For instance, in populations with high predation risk, female preference may favour courter males that are less conspicuous. Alternatively, in populations with a high frequency of courters, female preference may favour sneaker males that better circumvent the competition with courters. If female preference promotes the divergence of gonopodium length between ARTs would ultimately depend on the possibility rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20172223 of IATC affecting this system. The coexistence of two alternative phenotypes within the same sex is a widespread morphological [41] , behavioural [42] and physiological [43] trait making the role that female preferences may have at maintaining them an exciting topic in evolutionary biology.
Ethics. The 'Secretaria de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentació n (SAGARPA)' issued the necessary permission to do this research ( permit no. DGOPA/00132/1001107.0032); all experiments comply with current Mexican laws and follow the Association for the Study of Animal Behaviour/Animal Behavior Society Guidelines for the Use of Animals in Research.
Data accessibility. All data are openly available from the Dryad Digital Repository at: http://dx.doi.org/10.5061/dryad.ct182 [44] .
